Introduction
============

Epilepsy is a disease of the brain defined by any of the following conditions: 1) At least two unprovoked (or reflex) seizures occurring \>24 h apart, 2) One unprovoked (or reflex) seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years, 3) Diagnosis of an epilepsy syndrome.[@b1-er-7-1-39]

Epilepsy is one of the most common neurological disorders. India is home of about 10 million people with epilepsy, 2.47 to 8 per 1,000 population in rural[@b2-er-7-1-39]--[@b14-er-7-1-39] and 2 to 7.8 per 1,000 population in urban areas.[@b2-er-7-1-39],[@b15-er-7-1-39]--[@b24-er-7-1-39] Incidence was varied from 0.27 to 0.6 per 1,000 population per year in different parts of India.[@b13-er-7-1-39],[@b17-er-7-1-39],[@b25-er-7-1-39],[@b26-er-7-1-39] Drug resistant epilepsy was defined by International League Against Epilepsy (ILAE)[@b27-er-7-1-39] as failure of adequate trials of two tolerated and appropriately chosen and used anti-epileptic drug (AED) schedules (whether as mono-therapies or in combination) to achieve sustained seizure freedom. Seizure freedom is defined as freedom from seizures for a minimum of three times the longest pre-intervention inter-seizure interval (determined from seizures occurring within the past 12 months) or 12 months, whichever is longer. On the other hand, treatment failure is defined as recurrent seizure(s) after the intervention has been adequately applied (as defined earlier). If a patient has been seizure-free for three times the pre-intervention inter-seizure interval but for \< 12 months, seizure control should be categorized as "undetermined". The prevalence and incidence of drug resistant epilepsy (DRE) in India was unknown. Result was varied among studies abroad, a study in Spain showed 19%[@b28-er-7-1-39] and a study in Thailand showed 42%[@b29-er-7-1-39] epilepsy patients were drug resistant. DRE patients and their families were suffering the most. Depression, lower education level, and unemployment were playing heavy toll on them.[@b30-er-7-1-39] So we took up the present study as a global approach to DRE patients in Eastern India.

Methods
=======

We conducted our study in the Neurology department of Nilratan Sircar Medical College and Hospital in Eastern India, which serves patients from the states of Eastern India namely, West Bengal, Bihar, Jharkhand, Odisha and Sikkim as well as from countries such as Bangladesh and Nepal. We took them in a separate Intractable Epilepsy Clinic attached with our department and studied them. Apart from demographic parameters, detailed seizure history was noted. Electroencephalogram (EEG) was done on all patients. Every patient was investigated with structural imaging magnetic resonance imaging (MRI) of brain to rule out/confirm structural pathology and divided into primary/idiopathic and secondary. Idiopathic/primary DRE were the patients with normal brain imaging where no cause could be detected on MRI scan; others were cases with abnormal brain imaging. However normal MRI brain does not establish it to be primary as many secondary cases may show normal MRI brain. Functional imaging and other sophisticated investigations could have found the etiology. Detailed treatment history was noted along with drug compliance. Non-compliance was defined as very irregular intake of AED as well as frequent drop-outs. Statistical analysis was done with Instat GraphPad (GraphPad Software Inc., CA, USA) using Fisher's exact test and two sided *p* values were measured.

Results
=======

From a total of 22,638 patients who attended Neurology out-patient department (OPD) from January 2014 to December 2015, we detected and treated 2153 (9.5%) epilepsy patients. Among those epilepsy patients, 243 (11.3%) patients were found to be suffering from DRE according to the guideline of ILAE.[@b27-er-7-1-39]

We found male preponderance (63%) in our series of total 243 DRE patients ([Table 1](#t1-er-7-1-39){ref-type="table"}). Most of the patients (40%) were presented in their first decade of life whereas 30.5% patients were presented in their second decade and 18.1% in their third decade ([Fig. 1](#f1-er-7-1-39){ref-type="fig"}). Gender bias was also found in the study. In the 0--5 year age group, males were affected significantly higher than their female counterparts (18.8% vs. 9%, *p* = 0.04) but in the 6--10 years age group, females were affected significantly higher than their male counterparts (19.5% vs. 33.7%, *p* = 0.02) ([Fig. 1](#f1-er-7-1-39){ref-type="fig"}). Various seizure types were noted in different patients. Some patients were suffering from only single seizure type, but others were suffering from multiple of seizure types. Correlation of seizure type with gender was also looked for. Males were having predominantly generalized tonic clonic seizure (GTCS) & Myoclonic seizure, whereas complex partial seizure was dominated in females ([Table 2](#t2-er-7-1-39){ref-type="table"}).

One hundred and twenty-nine male and seventy-seven female patients were suffering from single seizure type but twenty-four male and thirteen female patients were suffering from multiple seizure types; there were no significant difference between genders (*p* = 0.85) ([Fig. 2](#f2-er-7-1-39){ref-type="fig"}). Family history of seizure disorder was present in 11.5% DRE patients; which was higher in partial seizure patients than generalized seizure patients (16.6% vs. 5.2%, *p* = 0.07), the statistical difference being insignificant.

Most of the patients were suffering from primary/idiopathic resistant epilepsy (n = 168) followed by Hypoxic Ischemic Encephalopathy (n = 13), granuloma (n = 13) and hippocampal Sclerosis (n = 11) and others ([Fig. 3](#f3-er-7-1-39){ref-type="fig"}). EEG findings were varied in different resistant epilepsy etiologies. Normal EEG was most prevalent in Primary and Hippocampal sclerosis cases; generalized discharge was most prevalent in Granuloma, Hypoxic ischemic encephalopathy and Gliosis; Focal discharge was most prevalent in congenital malformation cases ([Table 3](#t3-er-7-1-39){ref-type="table"}). It was found that, EEG abnormalities were found in higher percentage in resistant epilepsy cases with abnormal brain imaging (secondary resistant epilepsy cases), than resistant epilepsy cases with normal brain imaging (primary/idiopathic resistant epilepsy cases) (63.4% vs. 58.3%; *p* = 0.02) ([Table 4](#t4-er-7-1-39){ref-type="table"}).

We used phenytoin, sodium valproate, carbamazepine or phenobarbitone as the first AED according to the epilepsy type. Regarding the second drug choice, we found that, carbamazepine was used in highest number (18.1%), only to be followed by clobazam and levetiracetam (16.2% each) ([Fig. 4](#f4-er-7-1-39){ref-type="fig"}). At the time of data collection, 18 (7.4%) patients were on four AEDs, 85 (35%) patients were on three AED, 107 (44%) patients were on two AED and 33 (13.6%) patients were on one AED. Two hundred and ten patients were taking two or more drugs. Females were significantly higher medicine non-compliant (34.4%) compared to male (23.5%) (*p* \< 0.0001).

Discussion
==========

It was quite obvious from our day to day clinical experience, that a high number of epilepsy patients were drug resistant. Lagunju et al.[@b31-er-7-1-39] in Nigeria found 17.2%, Ramos et al.[@b28-er-7-1-39] in Spain found 19%, Berg et al.[@b32-er-7-1-39] in United States of America found 23.2%, Kwan et al.[@b33-er-7-1-39] in Scotland found 37% drug resistant in their epilepsy patients. Boonluksiri et al.[@b29-er-7-1-39] found lesser intractability (23.4%) in focal seizure patients in Thailand. Tripathi et al.[@b34-er-7-1-39] in North India compared intractable and controlled seizure patients. In their Intractable group, they found partial seizures in 83% patients, generalized seizure in 7% patients, myoclonic seizure in 6.5% patients and multiple seizure types in 3.5% patients. Whereas, in their well controlled group, 56.5% patients were presented with partial seizures, 30.5% patients were presented with generalized seizure, and 12.5% patients were presented with myoclonic seizures as the initial presentation. We found 11.3% DRE cases from our total epilepsy cohort. This variability might be due to genetic variation of different regions of the world; however, socio-economic differences might play a role in using newer generation costly AEDs, thus reducing the number of DRE cases.

Ramos et al.[@b28-er-7-1-39] found 59 % males in their population of DRE cases, whereas Tripathi M et al from North-India found as high as 71% male in their DRE series[@b34-er-7-1-39]. All recent studies on epilepsy from many parts of India showed male predominance[@b13-er-7-1-39],[@b16-er-7-1-39]--[@b18-er-7-1-39],[@b20-er-7-1-39],[@b21-er-7-1-39],[@b35-er-7-1-39] except the study done by Pandey et al.[@b36-er-7-1-39] in Chandigarh, North India where females were mostly reported. Wirrell et al.[@b37-er-7-1-39] found male preponderance (51%) in their DRE series. We found male patients comprising 63% of our study population. Higher male epilepsy cases might be due to higher family care for male patients but higher male DRE cases would raise the suspicion that males would have some attribute to get drug resistant, to be explored in future trials.

Ramos et al.[@b28-er-7-1-39] found significantly high (63%) percentage of DRE cases in \< 4 year age group and 37% in 4--13 year group in a childhood DRE series among epilepsy patients and Tripathi et al.[@b34-er-7-1-39] found majority of the intractable cases had age at onset below 14 years. Most of the patients were presented in their first decade of life in our study which was well corroborated to similar studies. The finding was pointed to some attributes, might be inheritable or congenital in nature which affected the brain at early age to render the case DRE. Wirrell et al.[@b37-er-7-1-39] studied for the predictors and course of DRE in patients who had onset before 36 months of age and found that Medical intractability was most commonly seen early: 61% met criteria by the end of the first year, 86% by the end of the third year, and 93% by the end of the fifth year after initial diagnosis of epilepsy. Intractability after 1 year was similar in children with focal onset (21/33, 63.6%) and generalized seizures/spasms (8/11, 72.7%). Of those with focal seizures, 90.9% met criteria for intractability by the third year after diagnosis.

Christensen et al.[@b38-er-7-1-39] found more females than males, who were diagnosed with idiopathic generalized epilepsy. Overall, no gender difference was found in localization related epilepsy, but localization-related symptomatic epilepsies were more frequent in males, and cryptogenic localization-related epilepsies were more frequent in females. GTCS and Myoclonic seizure were more common in male and focal seizure was more common in female in our study. No specific reason was found even after a vast literature search.

Baraitser[@b39-er-7-1-39] found 4--10% increased risk of epilepsy in patients with positive family history with 1--3 close family members accordingly. We found 11.5% DRE cases had positive family history of epilepsy, but the reason behind higher prevalence in partial seizure cases was not known.

Ramos et al.[@b28-er-7-1-39] studied drug resistant epilepsy for testing new ILAE criteria for the same. They found that 42% of total epilepsy patients and 60% in DRE patients having structural abnormalities in brain. Tripathi et al.[@b34-er-7-1-39] while searching for predictors of drug resistant epilepsy in North India in a case-control study, found that Abnormal brain imaging was seen in 79% of the patients in intractable group and only 39% of the patients in well control group. In our study, 69.1% DRE cases did not have any structural abnormality in brain ([Fig. 3](#f3-er-7-1-39){ref-type="fig"}). That finding had pointed on the need of functional imaging of brain in similar patients. A few cases with structural abnormalities in brain might need surgery for remission.

Variety of different EEG finding in our study was depicted in [Table 3](#t3-er-7-1-39){ref-type="table"} and comparison between cases with and without structural brain lesion was done in [Table 4](#t4-er-7-1-39){ref-type="table"}. Boonluksiri et al.[@b29-er-7-1-39] described abnormal EEG in 22.3% in their cohort of DRE + DSE patients. We found a significantly high number of drug resistant epilepsy cases having normal EEG. The number was high (82%) in hippocampal sclerosis and low (22%) in congenital malformation ([Table 3](#t3-er-7-1-39){ref-type="table"}). The origin and spread of the epileptic current might be in deeper brain tissue to be detected in surface EEG in those cases. The finding was a significant concern for general practitioners so that, they should not exclude epilepsy even if the surface EEG was found to be normal, rather should have suspicion that the case might turn into drug-resistant.

Carbamazepine was used mostly as the second drug, to be followed by clobazam and levetiracetam and continued successfully. Government has free supply of phenytoin, carbamazepine, sodium valproate and phenobarbitone. Patients collect the free medicines from hospital after check-up in OPD. There is a limit of providing medicine for one month after each check-up. Other AED could be bought from 'fair price shop' in subsidized rate. Free supply from Government clinic might be the first cause for highest use of carbamazepine, to be followed by cheap price, wide availability, good tolerance and efficacy. However, clobazam and levetiracetam might got its high position due to high efficacy and tolerance; though costlier and not supplied from government hospital.

We found drug compliance was significantly lesser in females than their male counterparts. Significantly lesser health concern for females in developing countries was the most important cause, as males were predominantly the bread-earners for the families.

It is a small endeavor from our part, to study the prevalence of DRE in this part of the country which may or may not be at par with the other parts of the country. In future, if there is any such study in other parts of the country, we can compare the data with the other part. So far the ethnicity and clinical practice are concerned, there is not much difference with the other parts of the country. Our Institute caters a huge population of Eastern India and the countries such as Bangladesh and Nepal. In our opinion, this study aims at showing a total picture of this region.

In conclusion, this study shows predilection of different age groups in childhood to different genders. We also found specific seizure types having gender predilection. Family history had a role in DRE. Idiopathic was the most common cause of DRE. EEG finding were varied in different etiologies. Normal EEG never excluded DRE. Females were higher medicine non-compliant.
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###### 

Characteristics of DRE patients

  Characteristics of drug resistant epilepsy patients   Values
  ----------------------------------------------------- --------
  Median age                                            12.7
  Male                                                  63%
  Female                                                37%
  Percentage of focal epilepsy                          46.1%
  Percentage of generalized epilepsy                    38.7%
  Percentage of multiple seizure type                   15.2%
  Presence of family history                            11.5%
  Mean number of AED use                                2.36
  Medicine compliance                                   72.4%

DRE, drug resistant epilepsy; AED, anti-epileptic drug.

###### 

Gender predilection in GTCS, Myoclonus and CPS

                    Male   Female   *p*-value
  ----------------- ------ -------- -----------
  GTCS alone        51     22       0.06
  CPS alone         35     30       
                                    
  Myoclonus alone   14     2        0.02
  CPS alone         35     30       

GTCS, generalized tonic clonic seizure; CPS, complex partial seizure.

###### 

Spectrum of various EEG findings in different etiology of DRE patients

  EEG Findings                          Primary (n = 168)   Granuloma (n = 13)   Hypoxic Ischemic Encephalopathy (n = 13)   Hippocampal Sclerosis (n = 11)   Gliosis (n = 9)   Congenital malformation (n = 9)
  ------------------------------------- ------------------- -------------------- ------------------------------------------ -------------------------------- ----------------- ---------------------------------
  Normal                                42                  46                   24                                         82                               33                22
  Generalized discharge                 39                  54                   46                                         18                               67                22
  Focal discharge                       8                   0                    15                                         0                                0                 56
  Focal with secondary generalization   11                  0                    15                                         0                                0                 0

Values are presented as number (%).

EEG, electroencephalography; DRE, drug sensitive epilepsy.

###### 

Comparison of different EEG discharges between patients with and without structural brain lesions

  EEG Findings                          Cases without structural brain lesion (primary) (n=168)   Cases with structural brain lesion (secondary) (n=75)
  ------------------------------------- --------------------------------------------------------- -------------------------------------------------------
  Normal                                41.7                                                      36.6
  Generalized discharge                 38.9                                                      46.3
  Focal discharge                       8.3                                                       12.2
  Focal with secondary generalization   11.1                                                      4.9

Values are presented as number (%).

EEG, electroencephalography.
